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VISITING PLAN GENERATION METHOD AND SYSTEM 



BACKGROUND OF THE INVENTION 

Field Of the invention 

Tlxe present invention relates to a method for generating 
a visiting plan and a system thcirefoar. More particularly, the 
invention pertains to a visiting plan generating method and 
system wherein, for a plurality of groups having Invariable 
and/or variable members (persons! or apparatuBes) to visit a 
plurality of destinations on a task' sharing basis, optimum 
formation of the plural groups, optimum destination assignment 
to the plural groups, and optimum planning tor each or the plural 
groups can be carried out. 
Description of the Related Art 

AS a typical example of a problem concerning generation 
of an optimum visiting plan, there is a classic mathematical 
problem called the Traveling Salesman Problem, in which an order 
Of Visiting a plurality of cities through a minimum total path 
is to be determined on the assumption that a visit niuat toe made 
to each of the plural cities only once. That is to say, in the 
Traveling Salesman Problem, a travel distance uniqcuely 
determined according to an order of visiting cities is used as 
a cost function to seek an optimum solution. For example, an 
approximate solution to the Traveling Salesman Problem has been 
proposed by Hopfield, a. j. ana Tank, D. w. (Hopfield, j. j, 
& Tank, D. W_ (1985) "Neural" Computation of Decisions in 
optimization Problems, Biological Cybernetics, 52, pp. 141 - 
152) using the Hopfield model (Hopfield, J. J., (1984) Neurons 
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with g«-ade4 srespenoe have collective computational properties 
like those of two-state neurons; Proceedings of the National 
Academy of Sciences, USA. ai, pp. 3088 - 3092) . 
^ m Che Traveling salesman vxoX>Xem handled In conventional 

solution methods, however, optimization has been attempted on 
the premise that a single salesman is to visit all the cities 
o£ interest. 

In a. situation where one salesman cannot cover all the 
cities of interest, it is reqcuired to make assignment to a 
plurality of salesmen. An optimum solution method In such a 
case has not been devised heretorore, however. 

a 

a - ■•- • 

fft SUMMARY OF THE INVENTION 

"^iew Of Che foregoing, it is an object of the present 
ry invention to provide a visiting plan generation method and 
system for promptly carrying out optimum formation of groups, 
optimum destination assignment to the groups, and optimum 
planning for each of the groups in an optimization problem 
concerning a visiting plan. 

C3 ■'•^ another abject of the present invention to provide 

a visiting plan generation method and system for making an 
optimum solution for a visiting plan applicable to generation 
of such action plans as a transportation plan, process plan, 
and operation plan. 

m accomplishing these objects of the present invention, 
there is provided a technique in which a visiting plan is 
generated for a plurality of groups instead of generation of 
a visiting plan for an individual as in the conventional solution 
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matlioas for the. Traveling Salesman Problem. Aeaording to one 
aspect of the present invention, at least information on a 
pltir-ality of groups, information on members of each of the plural 
groups, and information on destinations are input, optimum 
formation of the plural groups and optimum desninacion 
assignment to each of the pxurax groups are made using a cost 
function for evaluating a visiting plan. THus," in preparation 
of a viaicinff plan for a plurality of groups to visit a plurality 
of destinations on a task- sharing basis , it ia possible to carry 
out optimum formation of the plural groups, optimum destination 
assignment to the plural groups, and optimum planning for each 
of the plural groups , 

Further, in accordance with another aspect of the present 
invention, using the cost function, a maximum cost value in a 
plurality of groups is minimized, an average cost value in the 
plural groups is minimized, or cost values in the plural groups 
are equalized. Thus, it is possible to generate a visiting plan 
so that visiting actions caii caxeii at Itfw dost f rom a viewpoint 
of the whole of Che groups or without variation in cost among 
the groups . 

Still further, if an unaesigned destination is found 
during generation processing operation of a visiting plan, new 
assignment of the unassigned destination and re- formation of 
the visiting plan are performed. As required, re-assignment 
of already assigned destinations and/or re -arrangement of 
groups, and visiting plan re -formation therewith can be 
performed, it is also possible to make re - arrangement of 
variable -member groups as reauired, when the unassigned 
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destinatiqix is ^ added for group re - arrangement / optimum 
forxnation of the groups, optimum destination assignment to tlie 
groups, and optimum planning for each of the groups can be 
carried out according to the result of cost calculation, in 
this manner, according no the visiting plan generation method 
of the present invention, for a plurality of groups having 
invariable and/or variable members (persons or apparatuses) to 
visit a plurality of destinations on a task-sharing basis, it 
is possible to promptly accomplioh optimum formation of 
variable -member groups, optimixm destination assigximent to the 
groups , and optimum planning for each of the groups . The present 
invention can therefore provide an effective method applicable 
to generation of such action plans as a transportation plan, 
process plan, and operation plan. 

in accordance with another aspect of the present invention, . 
for generating a visiting plan in which a plurality of groups 
are to visit a plurality of destinations on a task- sharing basis, 
ac least information on the plural groups, information on 
members of the plural groups, and information on the 
destinations are input, and optimum formation of the plural 
groups and optimum destination assignment to each of the plural 
groups are made using a cost function for evaluating the visiting 
plan. Thus, the present invention" makes it possible to carry 
out optimum formation of the groups, optimum destination 
assignment to the groups-, and. optimum planning for each of the 
groups , 

Furthermore, at least one of processing operations 
including minimization processing for minimising a maximum cost 
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value in a, pluijality of groups, minimization processing for 
minimizing an average cost value in the plural groups, and 
equalization processing for equalising cc3.5fc,vaaueB in the plural 
groups is carried out using a cost function. Thus, optimum 
formation of the groups, optimum destination assignment to the 
groups, and optimum planning ror each of the groups can be 
accomplished at low cost from a viewpoint of the whole of the 
groups. It is also possible to accomplish optimum formation 
of the groups, optimum destination assignment to the groups, 
aad optimum planaiag for each of the groups without variation 
in cost according to the result of cost calculation. 

Still further, in accordance with another aspect of the 
jp| present invention, if there is an unassigned destination, new 

assignment of the unassigned destination and visiting plan 
ry re -formation therewith are performed. As required, 

re -assignment of already assigned destinations and visiting 
plan re -formation therewith can bo pex-f oarxned . Thus, any 
unassigned destination can be added, and even with addition of 
the unassigned destination, optimum formation of the groups, 
optimum destination assignment to the groups, and optimum 
Planning for each of the groups ean be carried out according 
CO Che result of cost calculation. 

Still further, in accordance with another aspect of the 
present invention, there is provided a visiting plan generation 
method wherein, for a plurality of groups having invariable 
and/or variable members to visit a plurality of destination on 
a task- sharing basis, optimum formation of variable- member 
groups. ODtimum destination assignment W the plural groups. 
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and optimum planning for each of the plural groups are 
aocompliohcd. In the visiting plan generation method, at lease 
information on the plural destinations, information on the 
plural groups, and information on the plural members are input:, 
and new assignment of an unassignea. destination and visiting 
plan re -formation therewith are performed using a cost function 
for visiting plan evaluation, As required, re-assignment of 
already assigned destiiiatlort;^ and/br re - arrangement of th.e 
variable -member groups and visiting plan re -formation 
therewith are performed. Further, at least one of processing 
operations including minimization processing for minimizing a 
maximum cost value in the plural groups, minimization processing 
for minimizing an average cose value in the plural groups, and 
equalization processing for equalizing cost values in the plural 
groups is carried ouc. Thus, optimum formation of the groups, 
opcimum descination assignment zo the groups, and optimum 
planning for each of che groups can be accomplished . 

Still further, in accordance with another aspect of the 
present invention, there is provided a visiting plan generation 
method in which the information on destinations contains 
locations of the destinations, and as required, the information 
Of the destinations also contains conditions of tasks to be 
performed at the destinations. Thus, according to the 
locations of the destinations and the conditions of the tasks 
to be performed at the destinations, ic is possible to make 
optimum formation of the groups, optimum destination assignment 
to the groups, and optimum planning for each of the groups. 

Still further, in accordance with another aspect of the 
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present invention, in ease that information on any group 
contains attributes of the group (invariable or variable 
attribute values) and group constraints for constraining 
members belonging to the group and that the group is a 
variable -member group, initial group formacion data is also 
indicaced. thus, according to characteristics of respective 
groups, it Is possible to carry out optimum formation of the 
groups, optimum destination assignment to the groups, and 
optimum planning for each of the groups. 

Still further, in case that the attribute valuee of any 
group are variable, initial group formation data is also 
indicated. Thus, vith an initial group formation taJcen into 
account as a group characteristic, optimum formation Of Che 
groups, optimum destination assignmenc to the groups, and 
optimum planning for each of the groups can be carried out. 

still further, in accordance with another aspect of the 
present invention, in case tjiac constrains for any group include 
a relationship among members belonging to the group and that 
the group is an invariable -member group, data of group formation 
is also indicated. In case that the group is a variable-member 
group, the maximum number of aeeommodable members and 

designations thereof are indicated. Thus, according to 
Characteristics of members belonging to respective groups, it 
is possible to carry out optimum formation of the groups, optimum 
destination assignment to th^ groups'; and csptimum planning for 
each of the groups . 

Still further, in accordance with another aspect of the 
present invention, information on any member contains a mobile 
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capaiJiliny, of cjie memiaer (a speed of movement or a value 
equivalent thereto) and a working capability (a time to be taken 
for acoomplishing a task or a value eqcuivalent thereto) . Thus, 
according to characteristics of respective members, optimum 
formation of the groups , optimum' as-signmenn tia ctie groups , and 
optimum planning for each of the groups can be carried out . 

Still further, in accordance with another aspect of the 
present: invenrion, a cost function contains a coefficient 
o inherent in each group and/or a threshold inherent therein - 
Thus, in a fashion in which a ratio of loads on respective groups 
ie specified, optimum formation of the groups, optimum 
0 destination assignment to the groups, and optimum planning for 
rfj each o£ the groupss can be carried out- 

ig still further, in accordance with another aspect of the 

present invention, a value of a cost function (cost value) 
in srepresents a value of distance (or a value wHlch can be 
Q represented in terms of disraneQ throug^^ and/or a 

^ value of time (or a value wnicn can 33e represented in terms of 
in time through conversion) . Thus, in terms of time or distance, 
p optimum formation of the groups, optimum destination assignment 
to the groups, and optimum planalnsr foar eaeh of the groups can 
be carried out. 

Still further, in accordance with another aspect of the 
present invention, at the time of new assignment of anunassigned 
destination and visiting plan re -formation therewith, group 
selection is made for the unassigned destination, tentative 
assignment of the unassigned destination, re. formation of a 
tentative visiting plan, and tentative cost calculation are 
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perf ormeci for each group, the unassigned destination is formally 
assigned to a group having a minimum tentative cost, and the 
tentative visiting plan is adopted formally. Thus, new- 
assignment of the unassigned destination can be accomplished 
promptly, ^ 

Still further. In accordance with another aspect of th^s 
present invention, in group selection, at least a group having 
a minimum cost at the current point of time is selected. Thus/ 
new assignment of the unassigned destination can be accomplished 
promptly and optimally: •>...,. .. . ... . 

Still further, in accordance with another aspect of the 
present invention, in re - assignment of already assigned 
destinations and visiting plan re -formation therewith, a 

m 

^ plurality of groups are selected, the selectea plural groups 
fj are divided into a group having a maximum cost (group A) and 
m a set of the other groups, already assigned destinations are 
Q tentatively unassigned from cue group a, tentative visiting plan 
x-e- formation and tentative cost (tentative cost A) calculation 
ij are performed Cor the group A, tentative assignment of the 
tentatively unassigned destinations, tentative visiting plan 
re- formation, and tentative cost calculation are performed for 
each group belonging to the set. of the o groups, and if a 

minimum tentative cost (tentative cost B) and the tentative cost 
A are lower than an original cost of the group A, tentative 
conditions that have caused the tentative cost A ana tentative 
cost B are adopted formally. Thus, re -assignment of the already 
assigned destinations can be carried out promptly. 

Still further, in accordance with another aspect of the 
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present: in,ve]aT:i,on, in selection of a plurality of groups, at 
least: a group Having a inaacixnum cost at the eurrent point of time 
an<a/or a group having a minimum. .co$,t . at. the .current point of 
timo ar« selected. Thus, re - assignment o£ the already assigned 
destinations can be carried out promptly and optimally. 

Still further, in accordance wlnli another aspect of the 
present invention, in variable- memher group re -arrangement and 
visiting plan re- formation therewith, a variable- member group 
in Which the number of members is smaller than the maximum number 
of accommodahle members is selected, unassigned members are 
selected within a range that group constraints are satisfied, 
each of the members thus selected is tentatively assigned to 
the selected variable -member group, tentative visiting plan 
re- formation and tentative cost calculation are performed, and 
if a minimum tentative cost is lower than an original cost Of 
the selected variable -member group, tentative conditions that 
have caused the minimum tentative cost are adopted formally. 
Thus, addition of the unassigned members to the variable -member 
group can be carried out promptly, 

Still further, in accordance with another aspect of the 
present invention, in variable -member group selection, among 
variable -member groups in which the number of members is smaller 
than the maximum number of accommodable members, a 
variable -member group having a maximum absolute value of 
difference between the number of members and the maximum number 
of accommodable members is selected. Thus, addition of the 
unassigned members to the variable -member group can be carried 
out promptly and optimally, ' ' - - - • 
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StilJ. further, in accoraance with another aspect: of the 
present: invention, in variable -memher group re -arrangement and 
visiting plan re- formation therewith, a variable -member group 
is selected, at least one of members of the selected 
variable -member group is unassigncd, unassigned members are 
selected within a range that group constraints are satisfied, 
each of the members thus selected is tentatively assigned to 
the selected variable -^ieir^3er,gi:oup, tenta^^^ plan 
rc- formation and tentative cost calculation are performed, and 
if a minimum tentative cost is lower than an original cost of 
the selected variable -member group, tentative conditions that 
y caused the minimum tentative cost is adopted formally. 

Thus, assigned members belonging to a variable -member group can 
be escGhanged with unassigned members promptly. 

still further, in accordance with another aspect of the 
prfitsent invention, in variable -member group selection, a 
b "^^^^^^^^^-^ni®^©^ group having a maximtim cost at the current point 
^ of time is selected. Thus, assigned members belonging to a 
variable -member group can be exchanged with unassigned members 
promptly and optimally. 

Still further, in accordance with^another aspect of the 
present invention, in variable -member group re ^arrangement and 
visiting plan re - formation, a plurality of variable -member ■ 
groups are selected, the selected plural variable -member groups 
are divided into a variable -member group having a maximum cost 
(variable -member group A) and a set of the other variable -member 
groups, tentative member exchange is made between each 
variable-member group belonging to the set of the other 
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variable -mejtitoer, groups 'and- clxe variable -member group. A within 
a range chat group constraints are satisfied, tentative visiting 
plan re- f oarmation and tentative cost calciilation are performed 
for the set of the other variable ^membez- groups, tentative 
visiting plan re- formation and tentative cost calculation are 
performed for the variable -meniber group A, a tentative cost of 
the set of the other variable - member groups is compared with 
a tentative cost of the variable -member group A to select a pair 
cost corresponding to a higher one, and if a minimum value of 
the pair cost is lower than an original coi?t of the 
variable -member group A (maximum cost) , tentative conditions 
that have caused the minimum value of the pair cost are adopted 
formally. Thus, member-, ©xehangr^ between the vaariable -member 
groups can be carried out promptly. 

Still further, in accordance with another aspect of the 
present invention, in selection of a plurality of 
variable-member groups, a variable -member group having a 
maximum cost at the current point of time is selected- Thus, 
member exchange between the variable -member groups can be 
carried out promptly and optimally* 

Still further, in accordance with another aspect o£ the 
present invention, in selection of a plurality of 
variable -member groups, either one of a variable -member group 
having a maximum cost at the current point of time and a 
variable -member group having a minimum cost at the current point 
Of time is selected. Thus, member exchange between the 
variable -member groups can be carried out promptly. 

Still further, in accordance with another aspect of the 
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present invention, there is provided a visiting plan generation 
system comprising: input means for receiving various kinds of 
necessary information for visiting plan generation; state 
memory means for memorizing a state taken at a predetermined 
point of time and an opnimtim srate In preceding visiting plan 
conditions; new- assignment means for -aawi-y arssigning an 
unassigned destination; re-assignment means for re-assigning 
an already assigned destination; group re -arrangement means for 
re -arranging groups; plan re -formation means for re-forming a 
visiting plan for each group; and cost calculation means for 
calculating a visiting plan cost for each group. In this systeni, 
optimum formation of the groups, optimum destination assigTixnent 
to the groups, and optimum planning for each of the groups can 
fc>e carried out eCriciently. 

Still further, in accordance with another aspect of the 
present invention, there is provided with a visiting plan 
generation system wherein the input means is so structured as 
to receive at lease information on .desti^^^^ information 
on groups, and information on members. Thus, based on each of 
these information, optimum formation of the groups, optimum 
destination assignment to the groups, and optimum planning for 
each of the groups can be performed efficiently. 

As mentioned above, the present invention provides a 
visiting plan generation method wherein, for a plurality of 
groups having invariable and/or variable members (persons or 
apparatuses) to visit a plurality of destinations on a 
task-sharing basis, it is possible to promptly accomplish 
optimum formation of variable -member groups, optimum 



0 0- 9-2 0;21 :38 mM^^m^ ;03 52 1 02 52 0 #16/51 



ry 
m 



destination ass.ignment to the groups, and optimum planning for 
eacH o£ the gr-o-upe. The present invention is thcr-cfor^c -usable 

^ as an effective method in applications of generating such action 
plans as a transportation plan, process plan, and operation plan • 

Accordingly/ it is a general object of the present 
invention to provide a visiting plan generation method and 
system for promptly carrying out optimum formation of groups, 
optimum destination assignment to the groups, and optimum 
planning for each o£ the groups in an optimisation problem 
concerning a visiting plan. 

Another object of the^resent invention is co provide a 

C3 visiting plan generation method and system fox making an optimum 

cn solution for a visiting plan applicable to generation of such 

in 



£g action plans as a transporcaclon plan, process plan, ana 
operation plan. 

The above and other objects, features and advantages' of 
Q the present invention will become more appairent from the 
U following decaiiea description witn reference to the 

i W 

Lf{ accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a system for implementing 
a visiting plan generation method in a preferred embodiment of 
the present invention; - - 

FIG, 2 is a diagram showing inrormacion on destinations 
in the preferred embodiment of the present invention ; 

PIG. 3 is a diagram showing information on groups in the 
preferred embodiment of the present invention; 
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PIG- -d is, a dxagxam showing information on membex-s in the 
preferred embodiment of the present invention; 

PIG. 5 is a diagram showing formation of groups and a 
visiting plan theref o:p. in . tl^.e .pre^.e?^^^ of che 

present invention; 

FIG. 6 Is a diagram stiowing destination assignment to 
groups in the preferred embodiment of the present invention; 

FIG- 7 is a diagram showing belongingness of membez-s to 
groups in the preferred embodiment of the present invention; 

PIC. 8 is a flowchart for- explanation of a new assignment 
processing operation by new- assignment means in the preferred 
embodiment of the present invention; 

FIG. 9 is a flow chart for explaining che firsc half of 
a re-acoignraent processing operation by re -assignment means in 
the preferred embodiment of the present, invention; 

FIG. 10 is a fiowcnarn for explanation of the second half 
of the re-assignmem: processing operation continued from PIG. 
9; 

FIG. 11 is a flowchart for explanation of a group 
re -arrangement: processing operation by group re -arrangement 
means in the preferred embodiment of the present invention; 

FIG. 12 is a flowchart for explanation of another group 
re -arrangement processing operation by the group 

re -arrangement means in the preferred embodiment of the present 
invention; 

FIG. 13 is a flowchart for explanation of the first half 
of another group re -arrangement processing operation by the 
group re -arrangement means in the preferred embodiment o£ th© 
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present invention; and 

PIG. 14 is a flowchart for explanation of the second half 
of the group rearrangement processing operation continued from 
FIG. 13. 

DETAILED DB5CRIFTION OF THE PREFERRED EMBODIMENTS 
The present invention will now be described in detail by 
way or example with reference to PIGS. 1 to 14. 

Referring to FIG. 1... there i,8...shQ.wn..a block diagram of 
a visiting plan generation system for implementing a visiting 
plan generation method in a preferred embodiment of the present 
invention. In PIQ, i, reference niimeral 11 indicates input 
means for areceiving various kinds of information including at 
least information on destination, information on groups, and 
information on memliers, reference numeral 12 indicates state 
memory means for memorizing a state taken at a predetermined 
point of time (group formation, group visiting plan, destination 
assignment, belongingness of members) and an optimum state in 
preceding visiting plan conditions, reference numeral 13 
indicates new- assignment means for newly assigning an 
unassigned destination, reference numeral 14 indicates 
re-assignment means for re- assigning an already assigned 
destination, reference numeral 15 indicates group 
re -arrangement means for re- arranging groups, and reference 
numeral IS indicates plan re -formation means for re-forming a 
visiting plan for each group, reference numeral 17 indicates 
cost calculation means for calculating a visiting plan eo^t for 
each group, and reference numeral 18 indicates output means for 
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delivering; outijul: data. The input means li reads in the 
inCormation on destinations ±nzojc,ma.t.xQn.^ori^ .srrpups, and 
information on members, and retains these read- in information . 

Referring- to PIG. 2, there is shown an example of 
information on destinations. For instance ^ destination 3 is 
^ at location "x - 13, Y - 5", and a member visiting destination 
3 is to accomplish tasks A and B- 

Ref erring to FIG- 3, there is shown an example of 
information on groups. For instance, group 2 is a 
invar ial3le -member group consisting of member© 2 and and a 
relationship between members 2 and 6 belonging to this group 
C3 indicates a condition that two members are to be positioned 
within a predetermined distance range (e.g., a constraint in 
a situation where two members go on a visit while communicating 
y with each other using transceivers, or two members are connected 
by a oor-d) . Group 3 io a variable-member groups, the maximum 
= number of members in this gro^ip is 3, any member may be made 
.3 to belong to this group, a relationship of members indicates 
1^ a condition that three members are to be aligned equidis tantly , 
a«d membeirs 1 and 4 are provided in initial group formation. 

Referring to PIG. 4. tlxere is sliown an example of 
information on members. For instance, member 1 provides a 
mobile capability (speed of movement) of 7, a working capability 
(time requirement) of 3 for task A, a time requirement of 2 for 
task B. ana a time requirement of 100 for task C (i.e.. member 
1 is not good at task C) . 

Tlien. the state memory' means* 12' is 'described below, 
information on destinations, information on groups: and. 
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inrormatian on ^embers iretzaxixecl in the input means 11 are fed 
to tlie state memory means 12, in which a state (including group 
formation, group visiting plan, destination assignment, and 
belongingness of members) is then initialized. Thereafter, Che 
state memory means 12 updates and memorizes a state according 
to a chang-e indicated by the new-assignment means 13, the 
re -assignment: means 14 and .c;(:^.e, grpjap^re- means 15, 

whicli will be explained more fully later. 

Referring to PIG. 5, there is shown an Gjcample of formation 
of groups and a visiting plan thorefor. For instancer 
variable -member group 3 includes members 1 and S. Member 1 
belonging to this group is to visit destination 9 for perf ortning 
task member 5 is to visit destination 1 for performing task 
C/ and member 5 is to visit destination 5 for performing rask 
B . 

f Referring to FIG. 6, there Is shown an example of 

destination assignment to groups. For inscance, destination 
1 is assigned to group 3, and descinacion 2 is an unassigned 



ry 
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Referring to FIG, 7, there is shown an example of 
belongingness of members to groups. For instance, member l 
belongs to group 3, and member 3 is not yet made to belong to 
any group. The state memory means 12 memorizes these conditions. 
After the number of unassigned destinations becomes zero, the 
state memory means 12 also memorises a minimum of a state cost: 
F (X) attained so far. (State cost F (X) : A cost in state X; 
to be distinguished from Pi (Xi) representing a cost of visiting 
plan Xi for group "i" in state X, which is calculated by the 
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cosr calcuxacipn means 16 to be explained later} That is to 
say, the visiting plan generation method of the present 
invention has a feature that a minimum of the state cost F (X) 
is determined. 

Further, the visiting plan generation method of the 
present invention is characnerized in that a maximuia cost value 
in groups is minimized and in chat cost values in groups are 
equalized. For instance, the state cost P (x} is subjected to 
minimization as expressed bcj^low; 

F (X) = a X MAXi tFi (Xi)3 * P X 3 (X) (Bq. 1) 

rn this expression, MAXi [Pi (Xi)] is a function tliat 
returns a maximum value with respect to "i" of Fi (Xi) , i.e., 
a £un<3cien that areetimo a smaller value as a. majslxnum cose value 
in groups in state X is decreased, s (X) is a f\mction chat 
evaluates variation with respect to "i" of Fi (xi) in state X, 
i.e., a function that returns a smaller value as cost values 
in groups in state X are equalized. As a concrete example of 
S (X) , a standard deviation or variance function for "i" of Fi 
(Xi) in state x is applicable. As to coefficients a and iS , 
conditions "a ^ O" and "BATA S 0" must be satisfied on the 
premise that at least one of them has a value. 

More specifically, the state cost F (X) defined by 
Equation 1 takes a smaller value as a maximum' cost value in groups 
in state X is decreased and/or as cost values in groups in state 
X are equalized. Through minimization of the state cost F (x) , 
it is possible to carry out minimization of a maximum cost value 
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in garoupe .and/oar ©qualization o£ cost values in groups. 

Further, for realizing minimization o£ an average cost 
value in groups and/or equalization of cost values in groups, 
the state cost r (X> ma^r l^'e cscpressed as shown beloW/ for example: 

F CX) ^ Q£ X AVEi [Fi (Xi) ] * jS K S (X) (Bq. 2) 

In this expression, AVEi [Pi (Xi) ] is a function for 
returning an average value with respect to "i" of Fi (xi) , i.e. , 
a function that returns a smaller value as an average cost value 
in groups in state X is decreased, 

Then^ the new- assignment means 13 is described below. 
State X memorized in the sate memory means 12 is fed to cue 
nw- assignment: means 13 • using the plan re-£ormation means 17 
(to be explained later) , the new* assignment means 13 newly 
assigns an unassigned destination to a group. FIG. 8 shows an 
example of a flowchart of internal proce^^ carried out 

in the new- assignment means 13. As shown in FIG* 8, in step 
S801, reference is made to state X (FIG, 6) for selecting one 
or plural unassigned destinations- Then, in step S802, except 
groups having no memhers:, one or plural groups including a group 
having a minimum cost at the current point of time are selected. 
Then, for each selected group (stepS803), the following steps 
are taken: Any selected unassigned destination is tentatively 
assigned to each selected group (step S803a) , and using che plan 
re -formation means 17, a tentative visiting plan and a tentative 
cost are determined for each selected group (step S803b) . Then, 
in step S804, a group "a" having a minimum tentative cost is 
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selected £rom tlie selected groups. Tti&n, in step S80S, an 
<v unassigned destination is formally assigned to the group "a" , 
Finally, the tentative visiting plan for the group "a" is adopted 
as a formal visiting plan. Through the steps mentioned above, 
a proper group can be determined for assignment of each 
unassilgxied descinatilon . 

The re-assignment means 14 is then de^icribetd below. State 
X memorized in cne sate memory means 12 is fed to the 
re-assignment means 14. Using the plan re-formation means 17, 
the z-e -assignment mea^ns .14 • zr.e -f.a.6 0igns-. sixi .ral^zeady aooigncd 
destination to a group. PIG- 9 presents an example of a 
p flowchart showing the first half of re-assignment processing 
to be carried out by the re - assignment means 14, and FIG. 10 
^ presents an example o£ a flowchart; showing the second half of 
ry re-assignment processing to be carried out by the re -assignment 
means 14. Referring Co chese figures, in step S9 01, except 
groups having no members, a plurality of groups including a group 
having a maximum cose at the current point of time and/or a group 
having a minimum cose at the current point of time are selected. 
Then, in step SB02, the selected groups are divided into a group 
having a maximum cost (group "A") and a set of the other groups 
(group set) . Then, in step S903, a destination is tentatively 
unassigned from the group "A". In step S904, using the plan 
re -formation means 17, a tentative visiting plan and a tentative 
cost are determined for the group "A". Then, for each group 
in the set of the other groups (S905) , the following steps are 
taken: The destination which has been tentatively -unassigned 
in step S903 is tentatively assigned to each group thered 
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(S905a) , aocica using the plan are - formation means 17, a tentative 
vifiiting plan and a tentative coat are determined for each group 
therein (S905b) - Then, in step 8906, group "a" having a minimum 
tentative cost is aelec.ted from the set of the other groups. 
Finally, if both the tentative cost of group "A" and the 
tentative cost of group "a" are lower than an original cost of 
group "A" (a cost indlicaxied before tentative unassignment) 
(5907), the following steps are taken: The tentative 
unassignment of group "A" in step S903 is formally adopted 
(S907a) , the tentative visiting plan for group "A" in step S904 
is formally adopted (S907b} , the tentative assignment to group 
p "a" in step S905a is formally adopted (S9 07c) , and the tentative 
tn visiting plan for group "a" in step S90Sb is formally adopted. 



n 



Through the steps mentioned above, an already assigned 



m 

y destination can be re -assigned to a proper group, 



The group re -arrangement means 15 is then described below. 
State X memorissed in the stace memory means 12 is fed to the 
group re -arrangement means 15, Using rhe plan re-formation 



if| means 17, the group re - arrangement means 15 re-arranges groups 



FIGS, 11, 12, 13 ana 14 present examples of flowcharts showing 
group re -arrangement processing to be carried out by the group 
re -arrangement means 15. The following explains the group 
re -arrangement processing with reference to these figures . 
Note that FIGS. 13 and 14 are flowcharts showing the first half 
and the second half of a group re - arrangement processing 
operation, respectively. 

Referring to FIG. 11, in step SlOOl, a variable -member 
group in which the number of members is smaller than the maximum 
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n-umber of .accwomodable members (fig. 3) Is seleccecl. in this 
step, it is alcernaciveiy preferable to select a variable -member 
group having a maximum absolute value of difference between the 
number of members and the mascixnuLm number of accommodable members , 
Then, in etep S1002, unassigned members are selected within a 
range that group constraints (PIG, 3) are satisfied. Then, for 
each of the unassigned members thu0 selected (S1003) , the 
following steps are taken: Each selectefl member is made to 
tentatively belong to the selected variable -member group 
(SlOOSa) , and using the plan re-formation means 17, a tentative 
visiting plan and a tentative cost are determined (Si003b) , 
Finally, if execution of step E1003 results in a condition that 
a minimum tentative cost of the selected variable -member group 
is lower than an original cost thereof (S10 04) , the following 
steps are taken: An unassigned member "a" which has caused the 
minimum tentative cost is selected (S1004a) , the unassigned 
member "a" is made to formally belong to the selected 
variable^member group (S1004b) . and the tentative visiting plan 
is foarmally adopted for the selected variable -member group 
(S1004c) . Thus, an unassigned member can be added to a 
variable -member group in which the number of members is smaller 
than the maximum number of accommodable members (FIG- 3). 

Referring to FIG: 12; • in' step 'Sll-Ol; a ' variable -member 
group is selected and its members (at least one of members) are 
unassigned. in variable -group selection, it is alternatively 
preferable to select a variable -member group having a maximum 
cost at the current point of time. Then, in step S1102, 
unassigned members are selected within a range that group 
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constraints (FSG. 3) are satisfied. Then, for each of the 
unassigned members thus selected {SX103) ^ the following steps 
are taken: Each selected member is made to tentatively belong 
to the selected variable -member grroup (S1103a) ^ and. using the 
plan re -formation means 17^ a tencacive visining plan and a 
tentative cost are determined (SllOSb) . Finally, if eacectition 
or step S1103 results in a condition that a minimum tentative 
cost of the selected variable -member group is lower than an 
original cost thereof (51104), the following steps are taken: 
The members tentatively unassigned in step SllOl are formally 
unassigned from the selected variable -member group (S1104a) , 
an unassigned member "a" which has caused the minimum tentative 
cost is selected (Sll04b) , the unassigned member "a" is made 
to formally belong to the selected variable -member group 
(sii04c) , and the tentative visiting plan is formally adopted 
for the selected variable-member group (S1104d) . Thus, members 
can be exchanged even f or a vaxlabl^'e'- member group in which the 
number of members is equal to the maximum number of accommodable 

members (FIG, 3) . 

Referring to Fies . 13 and 14, in step S1201, a plurality 
of variable -member groups are selected. In variable -member 
group selection, at least one variable -member group having a 
maximum cost at the current point of time may be selected from 
all the variable-member groups. In an alternative fashion, a 
variable -member group having a maximum cost at the current point 
of time and a variable -member group having a minimum cost at 
the current point of time may also be selected from all the 
variable -member groups. Then, in step 1202, the selected 
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variable -member. groUDS are divided inco a variably. member group 
having a maximum cost (variable -member group "A") and a set of 
the other variable -member groups (variable-member group set) . 
Then, for each variable-member group belonging to the set of 
the other variable -member groups (S1203)., the following steps 
are taken: Within a range that group constraints are satisfied, 
members are tentatively exchanged between the variable -member 
group "A" and each variable -member group belonging to the set 
of the other variable -member groups (S12 03a) . Using the plan 
re -formation means 17, a tentative visiting plan and a tentative 
cost are determined for each variable -member group belonging 
to the set of th© other variable -member groups (S1203b),, and 
a tentative visiting plan and a tentative cost are determined 
for the variable -member group "A" (S12 03c> . In comparison 
i=y between the tentative cost of the variable -member group "A" and 
the tentative cost of each variable-member group belonging to 
the set of the other variable -member groups, a higher cost is 
3 taken as a pair cost (si203d) . Finally, if a minimum pair cost 
value is lower than an original cost (maximum cost) of the 
variable -member group "A" (S1204), Che following steps are 
taken : A variable -member group "a" which has caused the minimum 
pair cost value is selected (Sl204a) , the tentative exchange 
of the members between the variable -member group "a" and the 
variable -member group "A" in" step '^'libra is fbrmally adopted 
(Siaodh) , the tentative visiting plan for the variable -member 
group "a" in step S1203b is formally adopted (S1204c) , and the 
tentative visiting plan for the variable -member group "a" in 
step S12 03C is formally adopted (Sl204d) , Thus, proper 
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©xeliange of members between variable -member groups can be 
carried out properly. 

Th.e cost calculation means 16 is tbeix desczribed below* 
The cost calculation means 16 is supplied with a visiting- plan 
Xi for group "i" in state x, and information on destinations 
and information on members retained in the input means ii. in 
response to these information, the cost calculation means 16 
returns a cost Pi (Xi) foar the visiting plan Xi . Per example, 
in tue present embodiment, the cost Fi (Xi) is designed as 
©xparessed below: 



Q Fi (Xi) = Ai X (M (Xi) + W (Xi)) + Bi (Ecj. 3) 

in 
m 

jg thxs expiression, M (Xi) indicates a total time required 

ry for movement in the visiting plan Xi , and W (Xi) indicates a 

U 

m total time required for accomplishing tasxs in the visiting plan 

eg Xi^ Kence, (M (Xi) + W (xi) ) represents a total time arequired 
for carrying out the visiting plkn xT'/ iVe. Ta load to be imposed 



ry 

iij on group "i", a1 is a coefficient inherent in group "i", and 
Bi is o. threshold inherent therein. Using these values, a load 
ratio among groups can be adjusted. Calculation of M (Xi) is 
rather easy in a situation where the number of members in a group 
is "1" (distance between two destinations / movement speed of 
a member going on a visit) . In a situation where the number 
of members in a group is "2" or more, however, it is required 
to some adjustment due to constraints on the members (it is 
required to predetermine how a member is to move while another 
member is on the way to a certain destination) - 
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ThLe ]>laii r©-f oimation means 17 is then described below. 
Tlie plan are - f ortnation means 17 is used by the new-- assignment 
means 13, the re -assignment means 14/ or the group 

Or 

re -arrangement means 15. Supplied with information on memlsers 
belonging to group "i", information on assigned destinations 
for group "i" , information on destinations retained by the input 
means 11, and inf ormacion on laembers retained toy the input means 
11, the plan re -formation means 17 generates a visiting plan 
Xi using the eoet calculation means 16, This function can be 
Implemented through the use of an optimisation technique such 
as a greedy method, hill-climbing method, neural network model 
0 method, simulated annealing method or genetic algorithm method, 
m ^ heuristic technique, or any combination thereof - 
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The output means 18 is then described below. An optimum 
state memorized in the state memory means 12 is output to an 
external circuit through the output means 18. 

As set forth hereinabove, it is to be understood that the 
present invention is not limited in its application to Visiting 
plan genearation on a group -by - group basis as in the Traveling 
Salesman Problem. The present invention is also applicable to 
generation of a variety of action plans, for example, in an 
electronic part assembly process in which IC devices are mounted 
onto printed circuit boards (each of plural arms having a device 
(eacn of plural visitors) moves to- (visits) a predetermined 
position on a printed cixcuit board for mounting the device 
thereonto) , or in package distribution operation in 
transportation . 

The invention may be embodied in other specific forms 
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wxbhoub departing from bHe spirit or essential characteristics 
thereof- The present crnbodiment is therefore to be considered 
in all respects as illustrative and not restrictive^ the scope 
of the invention being indicated by the appended claitna rather 
than by the foregoing caescripcion and aix changes wnicix come 
winhin the meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 



